INTRODUCTION
Feather pecking (FP) is considered a major welfare and economic problem in rearing and laying pullets, varying in intensity from gentle to severe pecking (Savory, 1995) , and considered a form of redirected ground pecking behavior (Blokhuis and Wiepkema, 1998) . Subsequently, studies have reported that severe FP is the main cause of feather damage (Bilčík and Keeling, 1999; Cloutier et al., 2000) . It is a multifactorial behavioral disorder that involves pecking and pulling out feathers within species with different intensity levels. Gentle FP has been commonly reported during the rearing phase (Chow and Hogan, 2005) . This gentle FP during rearing can be a substantial detriment to feather condition in adult hens (Bestman et al., 2009) . Gentle FP has been reported in pullets as young as 1 d old (Riedstra and Groothuis, 2002) . Huber-Eicher and Sebö (2001) found that the incidence of FP increase from 40% at 5 wk of age to about 77% by 14 wk of age. These authors suggested that early rearing conditions affect the development of FP behavior and thus need to be given more attention to reduce FP in adult laying hens. Rearing conditions, especially during the first 4 wk, may play an important role in the development of FP in the laying phase (Johnsen and Vestergaard, 1996) . Once this behavior develops, it may be persistent (Garner and Mason, 2002) . Feather pecking may develop in laying hens if they are not provided the right substrate for pecking during the rearing period (Johnsen et al., 1998 ABSTRACT An experiment was conducted to investigate the effects of dietary dilution sources and levels on feather damage, performance, feeding behavior, and litter condition in rearing pullets. It was hypothesized that dietary dilution increases feeding-related behavior and improves feather condition, particularly if insoluble nonstarch polysaccharides are used as the dilution source. In total, 864 Lohmann Brown 1-d-old non-beaktrimmed pullets were used until 18 wk of age. Four dietary treatments, a control diet without any dilution (R_0%), 7.5% diluted diet with sunflower seed extract/ oat hulls (R_7.5%), 15% diluted diet with sunflower seed extract (R_15%_S), and 15% diluted diet with oat hulls (R_15%_O), with 6 replicates (1 replicate is a pen with 36 pullets) per treatment were used. On 4-wk intervals, behavioral parameters, including eating time, feather pecking, feather condition, and general behavior were evaluated. Pullets fed the control diet showed increased feather, comb, and wire pecking compared with pullets fed diluted diets. The level of feather damage decreased with increasing dietary dilution level. Pullets receiving R_15%_S and R_15%_O showed more feeding-related behavior than the pullets on R_7.5% and R_0%. Oat hulls were more effective in preventing feather damage than sunflower seed extract. Pullets did not fully compensate their feed intake if fed a dietary dilution, resulting in a proportionally reduced available ME intake. The R_15%_O pullets had 2.9% lower average BW gain compared with those fed R_0%. Average eating duration increased by 12.8, 33.2, and 42.1% in R_7.5%, R_15%_S, and R_15%_O fed pullets, respectively, compared with R_0%, whereas eating rate [feed intake (g)/pullet per eating min] was decreased in R_15%_S and R_15%_O pullets. Relative weights of empty gizzards were 3.95, 10.30, and 62.72% greater in R_7.5%, R_15%_S, and R_15%_O pullets compared with pullets fed R_0%. It was concluded that dietary dilution affected time budgets of the pullets, as shown by more feeding-related behavior, resulting in less feather pecking behavior. Based on our results, application of this feeding strategy could improve production and welfare in pullets.
feed, resulting in a reduced FP behavior (Vestergaard, 1994; Chow and Hogan, 2005) . Nutritional factors may also have an influence on feeding-related behavior, and as a consequence on FP behavior (Van Krimpen et al., 2005) . These authors reviewed that low energy levels or high insoluble nonstarch polysaccharide (NSP) concentrations in a diet reduce FP behavior. These factors are, however, often confounded in experimental diets.
In an earlier study at our institute, FP did not occur at all, and therefore, no effect of nutrient dilution on FP during the rearing period could be observed (Van Krimpen et al., 2009) . It has been reported that FP can be reduced in the laying period when the pullets were given NSP-diluted diets during rearing and laying periods compared with those fed with these diets primarily in the rearing or laying phase (Van Krimpen et al., 2010) . The present study was carried out to test the hypothesis that an insoluble NSP-diluted diet can increase feeding-related behavior, thereby reducing FP behavior and resulting in improved feather condition score in pullets. A FP-stimulating model was applied to investigate the effect of nutrient dilution levels (0, 7.5, and 15%) and NSP sources (common ingredients vs. oat hulls) on FP behavior, feather damage score, gastrointestinal tract (GIT) development, and litter condition in rearing pullets. Applying dietary dilution by the use of oat hulls did not negatively affect litter moisture, whereas the use of sunflower seed extract and barley increased pen wetness (Van Krimpen et al., 2010) . In the present study, we used a 15% diluted diet with common ingredients (i.e., barley, wheat middling, and sunflower seed extract). Diets were mainly diluted by the use of insoluble NSP, thereby preventing an increase of soluble NSP. Oat hulls were used as a positive control with respect to litter wetness.
MATERIALS AND METHODS
The protocol for the experiment was approved by the Animal Experimental Committee of Wageningen University, the Netherlands. Animal care guidelines were used according to the Euro guide recommendations for animal use for experimental and other scientific purposes (Derek et al., 2007) .
Housing and Management
In total, 864 non-beak-trimmed 1-d-old Lohmann Brown pullets were housed in 2 identical climate-controlled rooms. Each room comprised 12 floor pens (1.8 × 1.5 m). At the start of the experiment, 36 pullets were placed in each pen (2 rooms × 12 pens × 36 pullets = 864 pullets). Pens were made up of wire so that pullets could see their flock mates in the neighboring pens. There were 2 perches (180 cm × 4 cm × 4 cm), one feeding trough (length 100 cm), and 4 nipple drinkers in each pen. Each pullet was identified with a steel wing tag in wk 2. During the first 3 d, temperature was maintained at 33°C, and thereafter gradually decreased by 2.5°C wk −1 to a constant value of 21°C from wk 5 onward. In the first 4 wk, RH was 60 to 70%. It was gradually reduced by 40 to 50%, and then maintained at this level for the duration of the experimental period. During the first 3 d, lighting period was 22 h•d −1 (20 lx) followed by a gradual reduction to 14 h•d −1 in wk 7, and the photoperiod lasted from 0300 to 1700 h and fluorescent tubes were used as light source. This light schedule was maintained throughout the rearing period. Wood shavings were used as litter material during the first 5 wk of age. Litter provided a substrate for foraging and dust bathing; however, to induce FP, litter, which is a common pecking substrate for pullets, was removed at the start of wk 6 (Van Hierden et al., 2004) . Litter was replaced by slatted floors to avoid ground scratching behavior. The pullets were inspected twice a day for wounds, general health, and availability of feed and water throughout the study.
Experimental Design
At the initiation of the experiment, pullets were assigned to 1 of 4 different dietary treatments: a control diet [i.e., without any dilution (R_0%)], a 7.5% diluted diet in which sunflower seed extract and barley were added as dilution sources (R_7.5%), a 15% diluted diet in which sunflower seed extract was added as a dilution source (R_15%_S), and a 15% diluted diet with oat hulls as dilution source (R_15%_O). Each treatment had 6 replicates, which were equally divided over the pens in both rooms. The pullets received a starter diet during the first 6 wk of age followed by a grower diet from wk 7 onward until the end of the rearing period (17 wk). All diets were provided as mash. The diets were formulated to meet the minimum NRC requirements for rearing pullets (NRC, 1994) . Diets were supplemented with an anti-coccidiostat and enzymes. An overview of the dietary ingredients and the nutrient composition of the diets is given in Table 1 . Water and feed were provided ad libitum.
Analytical Procedures
Feed was analyzed for DM, crude ash, crude fat, crude fiber, nitrogen, starch, sugars (mono-and disaccharides as glucose units), calcium, phosphorus, sodium, potassium, neutral detergent fiber, acid detergent fiber, and acid detergent lignin. All samples were analyzed in duplicate. For determination of the DM content, feed was freeze-dried according to ISO 6496 (International Organization for Standardization, 1998a). After freeze-drying, feed was ground to pass a 1-mm screen and stored for analysis. Feed was dried in a forced-air oven at 103°C to a constant weight according to ISO 6496 (International Organization for Standardization, 1998a Standardization, 2002) . The starch content was analyzed enzymatically as described by Brunt (1993) . Reducing sugars were extracted from the feed samples by using 40% ethanol and determined as described by Suárez et al. (2006) . Calcium, phosphorus, sodium, and potassium were determined by using inductively coupled plasma atomic emission spectroscopy (International Organization for Standardization, 1998b). Analysis of neutral detergent fiber, acid detergent fiber, and acid detergent lignin contents were based on a modified method of Van Soest and McQueen (1973) as described by Suárez et al. (2006) .
Observations
Feed Intake and BW. Feed consumption per pen was recorded weekly by subtracting the left over (g) in the feed trough from the total offered feed, and averaged per pullet per week. All the pullets in a pen were weighed on 4-wk intervals.
Feather Condition Scores. Feather condition score was assessed per individual pullet on 4-wk intervals according to the scoring method of Bilcík and Keeling (1999) . Scores, varying from 0 (intact feathers, no inju- ries or scratches) to 5 (completely denuded area) were given for each of 6 body parts (wing, neck, back, rump, tail, and belly). The average of the scores of the 6 body parts was used for analysis. Eating Time. Behavioral observations were recorded on video tapes and reviewed with Observer software (Noldus, 1993) on 4-wk intervals to determine eating time of pullets. Eating time was defined as the percentage of time that pullets spend on feed intake during the observation period. An observation day was divided in 3 time periods (i.e., from 0845 to 1130 h, 1131 to 1415 h, and 1416 to 1700 h). To compensate for time and day effects, there was a rotation of pens within an observation week (observed at each period) as well as over observed week. Observations of pullets in each pen were recorded using a camera. An observation lasted for 40 min, and 4 pens were observed during each observation period. To avoid possible disturbances of the cameraman at the start and the end of the observation period, however, the first 5 and last 5 min were eliminated. The number of eating pullets (between 0 and 36) was recorded continuously by using Observer 4.1/5.0 software (Noldus, 1993) , and the percentage of eating time per pullet per pen per observation period was calculated by the following formula:
• Percentage eating time = total eating time (s) by observer/observed time (30 × 60s) × no. of pullets (36).
• Total eating time = sum of the eating time (s) of each bird observed at the feeder.
• Eating rate = feed intake (g•pullet −1 •d −1 ) divided by number of eating min per pullet per day.
Eating min per pullet per day was estimated by multiplying the number of minutes with light on (14 h × 60 min) by the percentage of observed eating time per pullet per pen. FP Behavior. Feather pecking behavior was observed by live observations on 4-wk intervals. Recordings of gentle FP (without removal of feathers) and severe FP (leading to feather loss), aggressive pecks (forceful pecking at the head area), vent pecking, comb pecking (pecking at the comb of a conspecific), and wire pecking were made. Each pen was observed for 10 min counting each peck. Results were presented as the number of pecks per observed pullet per 10 min.
General Behavior. On 4-wk intervals, general behavior was observed by the use of a scan sampling technique by live observations. Behavior was classified into 8 categories as follows: feeding, drinking, preening, foraging, walking, resting, dust bathing, and ground scratching. For each pen, an observer scored the number of pullets in each behavior group at a 1-min interval over a 15-min observation period. Based on these 15 observations, average number of pullets per behavior categories were determined and recalculated to percentages of time spent on the different behaviors. All live observations started with a 1-min adaptation phase, followed by the observation phase. Each behavioral trait was recorded 4 times during the experiment. The average values of the 4 observations were calculated to percentages of total observations. Dissection of the Pullets. At 17 wk of age, 4 pullets per pen, that were close to the average weight of the pen, were selected for dissection. Full weights and empty weights of the crop, proventriculus, gizzard, small intestine, colon, and ceca were determined, and the lengths of these organs were also measured. The dissection day was divided in 3 blocks, from 0830 to 1130 h, 1131 to 1430 h, and 1431 to 1730 h to determine the effect of dissection time.
Fecal Moisture Contents. Fecal samples were collected weekly from each pen from wk 14 to 17 to determine the moisture and DM contents. For a period of 4 h, fresh samples from each pen were collected by placing buckets under the slatted floor and immediately weighed. Samples were dried in an oven at 104°C for 4 h to constant weight to determine the DM content. Dry matter was calculated as the difference between initial and final weight. (1, 2, 3) , and e ijk = error.
Statistical Analyses
In case of behavioral observations and GIT data, the model was corrected for the effect of period of the day. The room and pen effects were added to the random term of the model.
RESULTS

Feather Damage Scores and Pecking Behavior
Total feather damage scores decreased with increasing dietary dilution levels are presented in Table 2 . Feather damage scores were affected by an interaction between diet and week, indicating that diet did not affect feather damage score during the first 4 wk of age. The differences in feather damage scores were, however, found to be significant from 8 wk of age onward (P < 0.001; Figure 1 ). Pullets receiving R_0% showed more severe FP, wire, and comb pecking than those fed the R_15%_S and R_15%_O diets (Table 2 ). There was a decreasing trend in wire and comb pecking with increasing dilution level. Pullets fed R_15%_O, however, showed less comb pecking compared with R_15%_S pullets. No significant differences in comb pecking were found during the first 4 wk; however, it increased over time. The differences between treatments became more prominent from wk 7 to 15 (Figure 2 ). This increase in comb pecking resulted in higher total feather damage scores in the control group, indicating significant differences of diet on FP behavior and feather damage scores (P < 0.001). The level of feather damage decreased with increasing dietary dilution level (P < 0.001). Wire pecking was not significantly different between pullets fed R_15%_O and R_15%_S. A trend was observed for the effect of diet on gentle FP (P = 0.08), indicating that the pullets on R_15%_O tended to exhibit less gentle FP compared with the pullets on other dietary treatments. Aggressive pecks (data not shown) were not influenced by any of the dietary treatments. Significant effects of age (wk) on total feather damage, severe and gentle FP, wire, comb as well as on ground pecking were found (P < 0.001). Similarly, interaction between diet and age (wk) on the total feather damage, severe, and gentle FP score and on comb pecking were found significant (P < 0.001). There was no severe FP before wk 7; however, it increased from wk 7 onward. Greater incidence of gentle FP was observed from wk 11 to 15 in R_0% and R_7.5% compared with the 15% diluted diets (Table 2; Figure 3 ). Except for ground pecking, period of the day had no significant effect on pecking behavior. The occurrence of ground pecking was greater late in the day (after 1400 h) compared with mid-day (1130 to 1400 h) and morning (0900 to 1130 h) periods.
General Behavior
Feeding-related behavior increased in pullets fed R_7.5%, R_15%_S, and R_15%_O, by 2.7, 16.9, and 18.7%, respectively, compared with those fed R_0% (Table 3 ). Resting behavior decreased by increasing dietary dilution (P = 0.03). The pullets fed R_0% and R_7.5% spent more time resting compared with the pullets on R_15%_S and R_15%_O diets (Figure 4) . Foraging, drinking, preening, walking, dust bathing, and ground scratching were not affected by the different dietary dilution levels (data not shown). Period of the day had no influence on the observed behaviors of the pullets.
Performance
Feed intake increased (P < 0.001) by 4.3, 11.0, and 12.2% in pullets fed R_7.5%, R_15%_S, and R_15%_O, respectively, compared with those fed the R_0% diet (Table 4) . Pullets did not fully compensate for the dilution by a greater feed intake, resulting in a gradual reduction in AME-intake with increasing dilution level (P < 0.001). As a consequence, their weight gain (expressed by average BW) was reduced in the middle of the rearing period. Body weight was, however, similar between all treatments at the end of the rearing period (data not shown). Despite this, average BW was significantly and linearly decreased with increasing dilution levels (P = 0.007). Daily weight gain was on an average 17.3 g•d −1 (maximal) between 5 to 8 wk, and decreased gradually to 11.7 g•d −1 in wk 13 to 16. During wk 1 to 3, feed intake was similar for all the treatments, but from wk 4 onward, feed intake increased with increasing dilution level ( Figure 5 ). Feed conversion ratio tended to increase proportionally with increasing dietary dilution levels (P = 0.081). Energy conversion ratio, however, was not affected among the treatments.
Eating Time and Eating Rate
Eating time (%) was extended with increasing dilution levels (P < 0.001) ( Table 4 ). The average eating time was increased by 12.8, 33.2, and 42.1% in pullets fed R_7.5%, R_15%_S, and R_15%_O, respectively, compared with those on the R_0% diet. Eating rate [feed intake (g)/eating min] was decreased in the pullets fed R_15%_S and R_15%_O (P = 0.002) and ranged from 0.24 g/eating min in the control group to 0.18 g/eating min in the pullets fed R_15%_O.
Gut Development
Crop contents remained unaffected by the dietary treatments (data not shown); however, there was a trend in larger gizzard contents with increasing dietary dilution. Similarly, greater proventriculus contents were found in R_7.5% pullets, compared with those on the 15% diluted diets, whereas proventriculus contents of R_0% pullets were intermediate (Table 5 ). The weights and lengths of the empty proventriculus remained unaffected by the dietary treatments (data not shown). The empty weights of small intestines and colons (data not shown) were reduced in pullets on R_15%_O compared with those on the other diets.
Moisture Contents in Feces
The pullets fed R_15%_S and R_15%_O had lower fecal moisture content compared with R_0% and R_7.5% pullets (P < 0.001; Table 4 ). Using oat hulls as the dilution source (R_15%_O), however, further reduced the fecal moisture content compared with the R_15%_S (58.7 vs. 65.5%). Interaction between time (wk) and diet was also significant (P = 0.002; Table 4 ), indicating that differences between treatments were not constant over time (Figure 6 ).
DISCUSSION
The present study was designed to investigate the impact of dietary dilution levels and NSP sources on FP behavior during the rearing period of Lohmann Brown pullets. It was hypothesized that an increased dietary dilution, especially insoluble NSP, reduces FP behavior, probably as a consequence of prolonged eating time. The development of feather damage, pullet behavior, and the digestive tract were, therefore, studied as explanatory variables, whereas from a practical point of view dietary dilution should not result in an increased moisture content of the feces.
The observed increased feed intake caused by dietary dilution agrees with the results reported by Van Krimpen et al. (2009) . The authors observed 8.3 and 13.1% greater feed intake with 10 and 15% diluted diets, respectively, indicating that pullets will vary their feed intake to satisfy their dietary needs. This increase in feed intake of diluted diets might be due to either lower nutrient concentration or the quicker passage rate from the digestive tract, especially when using oat hulls. Recently, however, it was shown that an increased dietary Effect means within columns with no common superscript significantly (P < 0.05) differ. 1 Every individual value is the mean of 6 replicates recorded on 4-wk interval over 17 wk. 2 The tested factor is the dilution level (R_0%, R_7.5%, R_15%_S, and R_15%_O).
NSP content decreased passage rate in the foregut and increased passage rate in the hindgut, which results in a similar feed passage rate, compared with a standard dietary NSP content (Van Krimpen et al., 2011) . It could be explained that pullets need a certain amount of energy per day. To maintain their energy demands, pullets that are fed diluted diets consume more feed; consequently, there is a proportional increase in feed intake with increasing dilution levels. An inverse relation between weight gain and dilution levels was found. The possible reason might be that pullets could not fully compensate for the dilution of diet. It was expected that pullets will consume 7.5 and 15% more feed in R_7.5%, R_15%_S, and R_15%_O diets, respectively, compared with R_0%. Similarly, Gous et al. (1987) observed that energy intake was related to the dietary energy content, being lower at low energy levels and higher at high energy levels. This variation in feed intake resulted in significant differences in ME intake in all dietary treatments. As a consequence, weight gain per dietary treatment was different. This could be due to different dietary dilution levels. The pullets were forced to eat due to their increasing energy demands, but they were unable to compensate fully. Because a fibrous diet resides longer in the gizzard for proper grinding, this gives satiety to the pullets. Pullets were, therefore, unable to compensate fully. These results agree with the findings of Van Krimpen et al. (2009) . The authors found retarded BW in pullets on 10 and 15% high-NSP diluted diets compared with a 0% diluted diet, which might be due to reduced energy intake in diluted diets. Similarly, results from studies by Savory and Gentle (1976), Newcombe and Summers (1985) , and Hetland and Svihus (2001) also support our findings. An increase in eating time due to dietary dilution supports our hypothesis that pullets fed diluted diets will spend more time eating due to lower feed energy levels. This is supported by the findings of Van Krimpen et al. (2007) , who indicated an 8 and 22% increase in feed consumption and eating rate, respectively, in pullets fed a 10% high-NSP diluted diet. Likewise, Hetland et al. (2004) also observed prolonged eating time in pullets on insoluble high-NSP diluted diet in comparison with low-fiber diets. Pullets require specific nutritive value and continue to eat to satisfy their nutritional requirements, leading to a prolonged eating time.
In support of our hypothesis, significantly decreased severe FP behavior and improved feather condition scores were observed in pullets fed diluted diets, compared with those on R_0%. These findings were in agreement with those reported by Elwinger (1981) , who observed improved plumage condition in laying hens fed a 12% diluted diet (2,920 to 2,560 kcal/kg). Likewise, results of Van der Lee et al. (2001) , also support our findings. Correspondingly, Hartini et al. (2002) , found that adding insoluble fiber could reduce mortality due to cannibalism during rearing (13.2 vs. 3.9%), as well as in early lay (28.9 vs. 14.3%). It was assumed that prolonged feeding related behavior due to dilution of diet may possibly compensate for redirected forag- ing behavior, resulting in lower feather damage scores. This assumption could be underpinned in our study by a significant inverse relation between eating time and feather damage score in the present study (R 2 = 0.68) (Figure 7 ). The results reported by Van Krimpen et al. (2008) in layers, however, contrast with these findings. The authors did not observe an influence of energy reduction in the diet on FP behavior and feather condition scores in adult layers. This might be due to the use of pullets that were prone to FP before providing the diluted diets. This emphasizes the need to provide diluted diets throughout the life cycle for effectively affecting pullet behavior. Consequently, greater feather damage scores were observed in pullets fed R_0%. Feather pecking and cannibalism are, furthermore, learned behaviors that can spread through the flock. Contrary to our expectations, a decrease in eating rate was observed with the increased dilution level of the diet. It was expected that pullets fed on diluted diets would have a greater eating rate to compensate their energy needs. Pullets, however, seemed unable to eat quicker. This might be due to a longer retention time for proper grinding of feed in the gizzard, which gives temporary satiety to pullets (Van Krimpen et al., 2011) . Even so, eating continues for the fulfillment of increasing energy demands resulting in lower eating rate. The findings from a study by Van Krimpen et al. (2009) agree with our results. These authors reported a decrease in eating rate in pullets fed a high-NSP diluted diet during rearing. It was speculated that eating rate decreased due to greater dietary NSP concentrations, as fiber accumulates in the gizzard (Hetland et al., 2003) for a longer duration to ground properly before leaving the gizzard (Clemens et al., 1975; Moore, 1999) . More feed-related behavior was found in pullets on R_15%_O compared with those on the R_0% diet (28.80 vs. 24.26%), which is supported by the findings of Van Krimpen et al. (2009) who reported increased feeding related behavior as a result of dietary dilution. This study confirms that FP behavior is reduced by nutritional factors that increase feeding-related time expenditure and as observed by Van Krimpen et al. (2005) .
Increased relative weights and lengths of the foregut and its contents in pullets on diluted diets were similar to the findings of Hetland and Svihus (2001) in their pullets fed on oat hulls diluted diet. Correspondingly, a reduction in relative empty weight of the proventriculus and its contents in pullets on the R_15%_O diet concurred with the findings of Van Krimpen et al. (2009) . The authors assumed that proventriculus contents were affected by a feedback control from the duodenum, which is organized by certain receptors (Bach Knudsen, 2001 ). The proportional increase in relative empty weights, contents, and length of the gizzard, with dilution of diet in comparison with the control group, was also observed by Hetland and Svihus (2007) , who reported a 70% heavier gizzard and about 3 times greater weight of its contents in pullets fed diluted diets with wood shavings. The authors believed that it was due to more consumption of insoluble fiber. A full gizzard might make the pullets more satiated and calm, which results in lower FP behavior (Steenfeldt et al., 2007) . It is very difficult, furthermore, to grind these fibers that reside in the gizzard for a longer time and increase muscular contraction, resulting in increased weight and length of the gizzard due to higher activity (Rogel et al., 1987; Hetland et al., 2003) . The significantly lower relative weight of the empty small intestine and its contents caused by the diluted diets may be explained by a shorter retention time of digesta due to fine grinding in the gizzard.
As expected, significantly high DM contents were observed in feces of pullets fed the R_15%_S and R_15%_O compared with R_7.5% and R_0% fed pullets. This finding was based on the higher level of insoluble and the lower level of soluble fibers in the 15% diluted diets. The improved function of the overall digestive tract, additionally, could improve digestion and absorption of nutrients, which may lead to increased DM in litter. Because of their high water holding capacity, soluble NSP in the diet increased viscosity in the small intestine, which resulted in inhibition of digestion and absorption. This lower digestion and absorption could lead to lower DM in litter (Hetland and Svihus, 2001) . In general, R_15%_O fed pullets had higher DM in litter compared with those on R_15%_S because of the lower level of soluble and higher level of insoluble NSP in their diet.
It can be concluded from our study that dietary dilution up to 15% during the rearing period of pullets results in more feed-related behavior, prolonged eating time, and greater feed intake that results in reduced FP behavior and improved feather condition score. The use of oat hulls as the dilution source was more effective in preventing feather damage than sunflower seed extract. In addition, a decrease in BW gain and eating rate and a reduction in relative weight of the small intestine was also observed due to diluted diets. Dietary dilution with NSP also resulted in improved gut development and a higher relative weight of the gizzard. More improvements, however, were observed in pullets fed the R_15%_O diet. Pullets on diluted diets were more imprinted toward feed and, therefore, less directed toward the feathers of their pen mates. Feather pecking behavior, therefore, can be reduced in pullets by feeding 15% diluted diets during rearing. Implementation of this diluted feeding strategy may result in controlled FP and cannibalism in noncage rearing systems without beak trimming, resulting in improved welfare conditions in adult layers. Insoluble fibers, especially, oat hulls, therefore, can be used as a dietary dilution source to reduce FP behavior and the problem of wet litter during the rearing period without negative effects on performance.
